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The anterior tilt power seat function is designed to provide users with functional access and 
reach that is otherwise unachievable using other power seat functions. While the benefits of 
posterior tilt-in-space, power recline and seat elevation have been documented, the influence of 
the anterior tilt seat function has yet to be sufficiently explored. Moreover, no studies to date 
have looked at the perceptions of users in a home environment. The purpose of this qualitative 
study was to gain a better understanding of the perceptions of power wheelchair users on the 
anterior tilt seat function and its uses in daily activities both inside and outside users’ homes. Ten 
power wheelchair users (mean age: 26.8±12.33) with seat elevation, but not anterior tilt function, 
on their current wheelchair participated in 3 study visits that were conducted within their home. 
Users evaluated the anterior tilt function on Permobil M3 or F3 chairs for a variety of activities. 
User perspectives were obtained through semi-structured interviews on parameters such as 
comfort, usability, and effectiveness at enhancing functionality. Results indicate several potential 
benefits of the anterior tilt seat function as well as areas in which improvements are possible. 
Users found anterior tilt to be beneficial in a variety of community settings, but also found the 
safety equipment restrictive. The findings of this study provide insight into activities participants 
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1.1 Prevalence of power wheelchair users 
Wheelchair technology has progressed greatly in the 21st century. With the ever growing 
body of knowledge and availability of new products on the market, great strides have been made 
to better accommodate individuals with disabilities through the utilization of assistive 
technologies. According to the United States census report conducted in 2010, approximately 3.6 
million people use a wheelchair. [1]. This number is up dramatically from 1969, when it was 
reported that there were only 409,000 wheelchair users. Additionally, the proportion of the total 
United States population who are wheelchair users is also increasing [3]. Going from 
approximately 0.2% of the total United States population in 1969 to approximately 1.5% of the 
population in 2010 [1]. In 2000, approximately 155,000 wheelchair users used powered 
wheelchairs as their primary mode of mobility [2]. Though only constituting a small proportion 
of all wheelchair users, these individuals may require the use of a power wheelchair because they 
have significant mobility limitations in which their disability precludes them from utilizing a 
manual wheelchair either as a result of fatigue-based conditions or a lack of the necessary upper 
extremity function to operate a manual device With a growing population of wheelchair users in 
the United States, it is of particular importance that the efficacy of these newly developed 
technologies is examined, both from a clinical perspective as well as from the perspective of the 
users themselves. 
 
1.2 Use of power seat functions for activities of daily living 
Power wheelchair users report the need for seat functions to address environmental 
barriers, such as surface heights and personal interactions [4].  Often power wheelchair users are 
unable to fully interact with their surroundings due to limitations placed on them by their 
assistive devices and accessibility of spaces, rather than their physical disability [4, 5, 6]. This is 
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a significant problem because without the use of seat functions to enhance mobility, wheelchair 
users are confined to only those spaces designed specifically with wheelchair users in mind. 
Despite stipulations from the Americans with Disabilities Act indicating that public spaces and 
businesses should be accessible, most public and residential spaces are not well designed for use 
in a static seated position [6]. This lack of fully accessible space means that wheelchair users 
must rely more heavily on care partners for assistance in activities of daily living [7]. This can 
lead to an increase in cost and care partner burden over time. The use of seat functions can help 
to alleviate these burdens on care partners by providing an alternative approach for wheelchair 
users to accomplish their activities of daily living independently.  
 
Performance of activities of daily living, either independently or with assistance, is 
essential to the health and wellbeing of wheelchair users. Assistive technology devices play a 
major role in power wheelchair users’ ability to perform these tasks and participate in social 
environments with reduced assistance [8]. Specifically, power seat functions are designed to 
allow users more autonomy in movement. Power seat functions are a form of assistive 
technology incorporated into power wheelchairs. This incorporation allows users to be able to 
manipulate the positioning of different components of their seating arrangement using only their 
joystick or control pad. This is important because power wheelchair users with significant 
disabilities rely heavily on their seat functions in order to perform activities of daily living, 
interact with their environment, and avoid secondary conditions associated with prolonged 
sitting. 
 
There have been several power seat functions that have been evaluated and their efficacy 
documented in the existing literature. For example, Aissaoui et al. [9] found that the combined 
use of posterior tilt-in-space and recline resulted in a 40% load reduction on wheelchair users’ 
ischial tuberosity. This reduction in pressure decreases the likelihood of sustaining a pressure-
related injury. Further examples of the clinical applications and benefits of posterior tilt-in-space, 
power recline, as well as seat elevation and power leg rests have all been supported by the 




Despite this, access to these power seat functions remains a frequent struggle for 
individuals with disabilities, due to their often-prohibitive cost [14]. Access is particularly 
difficult among assistive technologies whose efficacy has yet to be well documented. For 
example, Medicare and Medicaid beneficiaries who meet the established criteria, are approved to 
receive posterior tilt-in-space, power recline, and leg rests on their power wheelchair.  However, 
seat functions such as seat elevation, standing and anterior tilt are typically not provided, even 
when extensive justification for use is provided by a clinician [15]. Though wheelchair standing 
devices’ influence on power wheelchair users have been examined in multiple studies, the 
studies are often in homogenous populations with small sample sizes [12, 13]. Even less research 
exists evaluating the influence of the anterior tilt seat function and its influence on users’ 
functionality and health. This oversight is likely the result of the lack of access to this seat 
function until recent years. Most wheelchair manufacturers have not included anterior tilt seat 
function as an option for their power wheelchairs. Thus, individuals seeking to utilize this seat 
function have been required to get highly customized wheelchairs. For example, in 1999 Levy et 
al. [16] worked with an individual with fibrodysplasia ossificans progressiva to modify a 
commercially available power wheelchair to have anterior tilt in order to meet her needs and 
desire to maintain employment. At this time, other power wheelchairs were available with 
standing capabilities, but none of 
them could meet her specific 
needs like the anterior tilt seat 
function was able to. More 
research is needed to focus on 
anterior tilt seat function as it 
becomes increasingly accessible 
without high customization [17], 
particularly considering not all 
wheelchair users can tolerate full 
standing and weight bearing. This 
failure to thoroughly investigate 
anterior tilt seat function is also a 
Figure 1: Anterior tilt & posterior tilt-in-space angle changes on 
the sagittal plane [37] (modified) 
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detriment to potential users because many funding sources are reluctant to financially support the 
use of anterior tilt without documented evidence of its efficacy. 
 
1.3 Anterior Tilt Defined 
The anterior tilt seat function is similar to posterior tilt-in-space in that it changes the seat 
angle orientation in relation to the ground in the sagittal plane. However, unlike posterior tilt-in-
space, anterior tilt angles the seat forward 
rather than back. Additionally, rather than 
maintaining the seat-to-back and seat-to-leg 
rest angles throughout the progression 
forward, some anterior tilt functions allow for 
a series of angle changes in the seat-to-back 
and seat-to-leg rest positioning throughout the 
movement. Once anterior tilt is activated, the 
seat-to-back angle adjusts to accommodate a 
semi-standing posture. Though the angle of 
anterior tilt will vary by product design and 
user preference, some devices provide up to a 
45 degree seated anterior angle [17], while the 
back and leg rest remain in a natural position 
perpendicular to the ground. A depiction 
comparing the seat angles of 45 degrees 
anterior tilt and 50 degrees posterior tilt-in-
space can be seen in Figure 1. In conjunction 
with the seat elevator function, anterior tilt 
has the potential for improved reach beyond 
that of the seat elevator function alone. 
Additionally, the anterior tilt function is designed to give the user the ability to better position 
themselves to participate in forward-facing activities. 
 
Figure 2: Anterior tilt angle of study wheelchair 
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To ensure the safety of individuals using anterior tilt, several safety features facilitate 
stability throughout the forward motion in addition to the standard seat belt. A removable knee 
block promotes lower extremity stability by limiting unintended movement of the legs and 
providing support during anterior tilt for individuals with limited or absent lower extremity 
function. Additionally, a chest strap is placed across the users’ upper torso in order to ensure the 
user maintains an upright position throughout the movement for individuals with limited trunk 
strength. 
 
1.4 Potential uses of anterior tilt seat function 
Based on previous research into the efficacy of static anteriorly tilted seat positioning [18, 
19, 20] it is hypothesized that the use of anterior tilt function will allow power wheelchair users 
to be more readily able to access kitchen cabinetry and cooking surfaces, deep or high shelves, 
and other surfaces without care partner assistance. Furthermore, it is hypothesized that 
appropriately prescribed use of anterior tilt could aid in ease of transfers, lessening the burden 
and risk of injury on care partners as well as enhancing the independence of the wheelchair user. 
 
Since many social and occupational situations are most conducive to standing, full time 
use of a wheelchair can be socially isolating and vocationally limiting, particularly in loud 
settings, where one might not be able to hear from several feet away. While seat elevators can 
decrease this discomfort by lessening the distance between the wheelchair user and a standing 
group of people, anterior tilt may offer additional height and ability to get closer to others, which 
can alleviate some social discomforts and increase one’s ability to participate effectively.  
 
Additionally, power seat functions, such as posterior tilt and standing, have been shown 
to have several physiological benefits to the user through the use of passive motion. By allowing 
the body to take different positioning than typically used through alternative seat functions, 
anterior tilt could help to delay or prevent the incurrence of secondary complications, such as 
upper extremity strain and pressure sores, that are common in wheelchair users [21]. 
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1.5 Importance of the present study 
The present study is an opportunity to gain a preliminary understanding of the benefits 
experienced by users of the anterior tilt seat function in real life environments. Additionally, this 
study may establish greater scientific evidence for the efficacy of anterior tilt seat function, 
which in turn may influence the accessibility of technology for power wheelchair users. 
 
1.6 Purpose of the present study 
 The purpose of this study is to gain an in-depth understanding of how power wheelchair 
users utilize the anterior tilt seat function in their own living environment. Additionally, their 
perceptions on the usability of the seat function and how it affects their everyday lives in areas 
such as functionality and comfort will be assessed. Making use of this information, we anticipate 
gaining a deeper knowledge of how this technology can be utilized to influence power 
wheelchair users’ functionality and overall quality of life. 
 
1.7 Objective of the study 
The specific aim of this study was to solicit user feedback on the anterior tilt seat function 
on power wheelchairs in order to examine its effect on the user’s day-to-day functional mobility, 








2.1 Brief history of power wheelchairs and the use of seat functions 
Power wheelchairs started to be designed in the first half of the 20th century, primarily as 
motorized attachments designed to fit standard folding wheelchairs [22]. Seat functions, such as 
power adjustment to back and leg rests, were first introduced in the early 1960s in the United 
States, Canada, and the United Kingdom as a solution to pressure sores regularly experienced by 
wheelchair users [22]. 
 
The ideology behind wheelchair seating was primarily focused on designing inserts for 
existing wheelchairs to accommodate the needs of the individual. However, this came with the 
issue of needing to accommodate for problems with forward shift in weight distribution as a 
result of these inserts. This changed in the 1980s and 1990s, when the introduction of designing 
the power chassis separately from the seating became more prevalent. This shift in design 
approach allowed for a boom in innovation as the design of the power chassis became a “purely 
engineering problem” [22]. 
 
The first posterior tilt-in-space wheelchair was introduced in the early 1980s as a means 
of shifting weight from the buttock to the back for pressure management by maintaining the 
same seat-to-back angle relationship while changing the user’s orientation to gravity [23]. This 
became a more effective way of managing pressure sores than previous seat functions had 
allowed for.  
 
At the same time, the seat elevator was first introduced as a means to enhance a 
wheelchair user’s accessible environment, aiding in their independence and productivity. While 
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position papers have established that seat elevators aid in the performance of activities of daily 
living, facilitate transfers, and enhance interpersonal communication [10], many wheelchair 
users still struggle to get this function covered by insurers as it does not clearly meet criteria for 
national coverage determination [15]. 
 
Passive standing assistive devices have been examined over the last five decades for their 
efficacy in enhancing independence, increasing reach, and many other physiological benefits of 
standing experienced by individuals who do not require assistive technology to stand [24, 25] . In 
1975, standing frames were first integrated into manual wheelchairs, followed later by the 
integration into power wheelchairs. Today, some of these devices allow for users to be mobile in 
an upright position as well as experience pressure relief through standing [25].  
 
An anteriorly tilted sitting position, achieved through wedged seat cushions or angled 
seating, has been utilized in a variety of wheelchair and non-wheelchair applications for 
individuals with an assortment of disabilities [18, 19, 20] This positioning differs from anterior 
tilt-in-space because it allows for a “semi-standing” positioning, rather than maintaining the 
same seat-to-back and seat-to-leg rest relationship as when sitting neutrally. Anterior tilt seat 
positioning has been previously achievable through some standing devices which were able to 
stop in a semi-standing position, though only more recently has anterior tilt positioning been 
integrated into power wheelchairs as the final phase of the seat positioning change. The 
combined use of anterior tilt with power seat elevation has been trademarked under Permobil and 
referred to as “active reach” [17].  
 
2.2 Research on standing wheelchairs- a similar seat function 
 Though minimal research exists on anterior tilt seat function specifically to date, much 
research has been done pertaining to the health and well-being benefits of standing wheelchairs 
for fulltime wheelchair users, as outlined in the RESNA position paper on standing [12]. 
Anterior tilt can be considered “partial standing” since the forward shift in weight is similar to 
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that required to move into a complete standing position. As such, the benefits of anterior tilt to 
power wheelchair users are likely to be similar to those seen from the use of standing 
wheelchairs, though possibly to a lesser degree as full weight bearing in the lower extremities is 
not achieved. This however, may also serve as a benefit of anterior tilt over full standing, as it 
may be more achievable for a larger number of wheelchair users including those who are not 
able to put their entire weight in their lower extremities. Below the existing literature on the 
standing seat function is discussed when likely applicable to anterior tilt. A more extensive 
discussion of the literature on standing wheelchairs can be found in RESNA’s position papers 
[12] [13]. 
 
In 2000, Trudel and Uhthoff [26] used animal models to show that muscles fixed in a 
flexed position result in increased contractures of the joints. Standing wheelchairs help to 
mitigate these negative effects of constant sitting, by extending the hip and knee joints more 
frequently, resulting in hamstring lengthening [27]. Using a convenience sample of 
nonambulatory children with cerebral palsy, Gibson, et al. [27] had participants stand in a 
standing frame for 1 hour a day, 5 days per week for a total of 6 weeks, followed by a 6 week 
period of not using any standing device. These phases were repeated for a total of two standing 
phases and two non-standing phases. Hamstring length was measured using popliteal angle 
during each phase and it was shown that hamstrings significantly lengthened during standing 
phases compared to non-standing phases. Though not as completely, anterior tilt also allows for 
additional position change which may result in muscle lengthening that could decrease the risk of 
contractures in full-time wheelchair users. Further, anterior tilt may be more appropriate for 
wheelchair users previously affected by contractures which might result in over stretching if 
using full standing devices. 
 
Additionally, Gibson, et al. [27] collected feedback from care partners throughout the 
study period which was used to determine ease of activities of daily living performance for the 
young participants. It was found that the use of a standing frame allowed children with cerebral 
palsy the ability to increase ease of transfers and better perform activities of daily living than 
they were able to perform when not regularly using the standing device. This is important 
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because the enhanced ability to perform activities of daily living effectively from one’s 
wheelchair can also minimize the number of transfers, which enhances safety and conserves 
energy in power wheelchair users. Anterior tilt may similarly provide users with enhanced 
performance of activities of daily living through the improvement of hamstring flexibility, 
thereby increasing their independence. 
 
In addition to contractures, pressure ulcers also present themselves as a major concern for 
fulltime wheelchair users. Pressure ulcers are cited as the most common secondary complication 
resulting from continuous wheelchair use in people with spinal cord injuries and among many 
other fulltime wheelchair users [21]. Standing devices allow for complete relief of pressure off of 
the user’s buttocks, lessening the occurrence of pressure ulcers [9, 28] in fulltime wheelchair 
users. Anterior tilt would only allow for partial redistribution of pressure on the ischial 
tuberosity, however this is unique to the pressure relief provided by posterior tilt-in-space and 
reclining because the pressure redistribution would be forward, into the user’s lower extremities, 
rather than their back. 
 
The increased load on the lower extremities as a result of anterior tilt is also likely to 
have a positive effect on lower limb bone mineral density similar, though less significant, to that 
seen as a result of regular use of a full standing device. Previous research has been done to 
establish that standing wheelchairs help to improve bone mineral density in wheelchair users by 
increasing the mechanical load on the lower limbs [29, 30]. 
 
Previous research has also found standing wheelchairs to be effective at aiding users in 
improving their lung capacity and lower extremity circulation [25], as well as their bowel and 
bladder function [31] as a result of trunk extension and chest cavity expansion. Anterior tilt is 
likely to similarly show positive effects on vital organ capacity and function. In addition to the 
plethora of physical and functional benefits of standing wheelchairs, which may also be 
applicable to anterior tilt, psychosocial and community engagement opportunities have also been 
shown to be enhanced through the use of a standing device [32]. 
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Based on the existing research on standing devices and the considerations presented by 
RESNA [12], anterior tilt may have many similar benefits to those seen in users of standing 
devices, but may be more suitable for individuals for whom full standing devices might not be 
safe or appropriate. However, more research is needed in order to establish these benefits 
specifically for anterior tilt. 
 
2.3 Existing research on anterior tilt positioning and seat function 
To date, limited research has been performed to examine the influence of dynamic 
anterior tilt seat function among power wheelchair users. However, static anterior tilt seat 
positioning has been examined for its efficacy in multiple populations. With an emphasis on its 
use by school-aged individuals with cerebral palsy, anterior tilt seating has shown promising 
outcomes indicating its efficacy at improving heath and functionality in this population. 
 
In 1990, Miedander [18] examined children ages 2 to 6 with developmental delay and/or 
cerebral palsy in multiple bench seating conditions to establish the best position to facilitate 
trunk extension. Trunk extension is a component of overall trunk control and is important for 
independent sitting and functional activity. Using Schober measurements in which the distance 
from the pelvis to the spinous process was measured, it was found that the anterior sitting posture 
(20 and 30 degrees measured) was significantly better for facilitating increased trunk extension 
over neutral bench sitting. As trunk extension has been partially credited for many of the 
physiological benefits resulting from the use of standing devices, these findings may indicate that 
anterior tilt may also lead to some of the same benefits of standing devices. 
 
In 1991, Myhr, et al [19], examined the influence of an anteriorly tilted seat position 
among children with cerebral palsy. In this study it was determined that children with cerebral 
palsy sat considerably better when positioned in a 10 degree anterior tilt sitting position, having 
both their postural control and arm and hand function enhanced. The Sitting Assessment Scale 
was used to determine that participants’ arm and hand function went from being considered 
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“limited or poor” to being able to use one arm for support and the other to reach and defined as 
“fair”. These findings were determined through video and photograph analysis in which it was 
determined that anterior tilt seating positioned the individual’s center of gravity slightly in front 
of the ischial tuberosities, which allowed for enhanced upper body movement. Additionally, 
pathological movements, defined as spastic or tonic reflex patterns such as stretching legs, 
drawing knees up, pressing the neck/back against the support, and asymmetric tonic neck reflex 
when turning the head, were found to be diminished when positioned in anterior tilt. This finding 
suggests that functional benefits of anterior tilt can be seen with as little as 10 degrees of 
anteriorly tilted seat positioning. 
 
Further support for the use of anterior tilt seat positioning was found in 2009 by Cherng, 
et al. [20]. Using force platform data, the researchers found that both typically developed 
children and children with cerebral palsy had more postural stability while performing static 
sitting and a forward reaching task in anteriorly tilted seating conditions when compared to 
neutral or posteriorly tilted seating conditions. Postural stability was determined via normalized 
peak vertical ground reaction force and sway ratio (based on pressure displacement in 
anterior/posterior and medial/lateral). Additionally, anterior tilt seat positioning was shown to 
increase weight bearing through the feet during forward reaching, which promoted enhanced 
stability throughout the movement and greater reaching efficacy as measured by reaction time to 
reach a target. 
 
The use of anterior tilt seating integrated into power wheelchairs that can be modified 
independently by the user has been far less studied for its health and functional effectiveness. A 
case study by Levy, et al (1999) [16] found that a combination of anterior tilt and seat elevation 
allowed an individual with fibrodysplasia ossificans progressiva to assume an upright position, 
which eased transfers and lessened the physical burden on her care partner [16]. Additionally, 
some individuals who utilize anterior tilt positioning report improvements in alertness and upper 




Much of the limited existing research on the effectiveness of anterior tilt focuses on 
functional sitting positioning established through the use of a special wedged seat cushion or 
tilted sitting surface, keeping users in a static anterior tilt position. However, inadequate research 
has been performed on dynamic anterior tilt as a power seat function that can be adjusted as 
needed throughout the day. More research is necessary to gain an in-depth understanding of the 
impact on functionality and usability of anterior tilt seat functions among power wheelchair 
users. Specifically, power wheelchair user input is necessary to inform the design of future 







3.1 Study Overview 
This research study was a part of a larger study of mixed-method design composed of 
repeated measures observation and semi-structured interviews. The Institutional Review Board 
(IRB) at the University of Illinois at Urbana-Champaign approved the study. Before 
participation, all participants provided verbal and written consent. Power wheelchair (PWC) 
users with seat elevation seat function on their current wheelchair were recruited between 
January 2018 and November 2018 to participate in the study. All individuals received either a 
Permobil F3 or M3 enabled with 20 degree anterior tilt seat function, referred to as active reach, 
for use over a two week trial period. Individuals were interviewed over the course of three 
separate study visits while in their own wheelchair, immediately after receiving the study 
wheelchair, and after two weeks of study wheelchair use. The study required approximately six 
hours of the participants’ time over the course of three study visits in addition to the two week at-
home trial period. 
 
3.2 Participants 
Study participants were recruited via posting of flyers, email, search through the 
Disability Resources and Educational Services (DRES) research registry, and face-to-face 
interaction with research staff. All interested individuals were invited to participate in the study 
if they met the following inclusion criteria: 1) full time PWC user, 2) over 18 years of age, 3) use 
of PWC with seat elevation, without anterior tilt, for at least 75% of mobility, 4) have used their 
current PWC for at least 6 months, 5) greater than one year since the onset of their illness or 
injury that required the use of a PWC, 6) use of PWC to perform activities of daily living, and 7) 
able to engage in performance of activities of daily living either independently or with minimal 
to moderate assistance.  
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All subjects were treated in accordance with UIUC and IRB standards for the treatment 
of human subjects. 
 
3.3 Study design/protocol 
Participants were asked to complete a demographic survey, pre- and post-intervention 
paper-based outcome assessments, physical outcome assessments, and semi-structured 
interviews. The paper-based outcome assessments consisted of surveys used to gather 
information on participants’ participation levels in their community, functional mobility 
satisfaction, shoulder pain, fatigue, as well as secondary conditions. The physical outcome 
assessments consisted of a variety of tasks used to assess the participants’ performance of self-
care skills, functional reach, transfer quality, postural control, spasticity, respiratory function, 
and speech production. Figure 3 outlines the procedures performed.  This thesis is concerned 
with the qualitative components of the study protocol. Subsequent publications will provide 
descriptions of the full study protocol. 
 
Figure 3: Schematic of study design 
 
Study Visit 1 
Researchers met with participants at their homes in order to best ascertain their ability to 
perform activities of daily living in their own living environment and eliminate the need for 
participants to travel to a secondary location. As such, all study materials were brought to the 
participants’ dwelling. Following the review and completion of the informed consent, physical 
assessments were performed with the participant in order to ascertain their functional mobility 
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After the completion of all physical assessments, a trained interviewer conducted a face-
to-face semi-structured interview in order to ascertain the participants’ current use of their power 
wheelchair. Additionally, the participant was asked to discuss their expectations for the anterior 
tilt function. Participants were asked to respond to the following questions in which anterior tilt 
is referred to as “active reach”, the trademark name for Permobil’s anterior tilt function on the 
study wheelchairs: 
1) Could you tell me a little bit about yourself? 
a) What type of activities do you like to do for fun? 
b) Do you prefer to stay in your home or get out and about in the community? 
2) How often do you get out and about, spend time with friends, etc.? 
3) Are you likely to try out new technology, such as a new phone or new computers? 
4) Do you like to try out new technology on a wheelchair? 
5) What do you find most challenging about your activities of daily living and getting 
around? 
6) Are there any barriers which you feel could be remedied to help you better perform these 
tasks on your own? 
7) Are you open to trying new methods to perform your activities of daily living (such as 
trying a new approach to brush your teeth or preparing a meal?) 
8) For how long each day would you say you use your wheelchair? 
9) When you are home, do you stay in your chair mostly or transfer to another spot, such as 
your bed or couch? For what reasons? 
10) Do you find your wheelchair comfortable? Why or why not? 
11) Do you use your power seat functions? 
12) What functions do you most regularly use? Why? 
13) Are there any functions that you do not use or do not find helpful? 
14) What alterations would you make to your chair to help you better perform tasks on your 
own? 
15) What alterations would you make to your chair to help you better interact with your 
environment inside and outside your home? 




17) How did you obtain your current wheelchair? 
a) Did you have any difficulties in this process? (Prescription, financial burden, 
insurance company, etc.) 
 
Based on the individual’s responses, follow-up questions were asked to clarify various 
aspects of the discussion. Each interview lasted approximately 10 minutes. All interviews were 
audio recorded using the EZ Studio voice recording app for Android devices [33] for later 
transcription and analysis. Additionally, the interviewer took written notes of the interviews in 
order to indicate any hand gestures or other information, which might not have been picked up 
with audio. 
 
After the completion of the semi-structured interview, demographic information was 
collected via paper survey. The demographic survey included gender, age, race, type of 
disability, wheelchair usage, power wheelchair seat functions, assistive devices used, and care 
giver support.  
 
Study Visit 2 
Researchers returned to the participants’ dwelling with a Permobil study wheelchair 
enabled with anterior tilt approximately 2-3 days study after visit 1.  As much as possible, the 
drive configuration (mid-wheel or front-wheel) of the participant’s study wheelchair was 
matched to the participant’s own wheelchair. After the participant was properly fitted in the 
study wheelchair by a physical therapist with an assistive technology professional certification 
and approximately 10 years of experience in the field of wheelchair seating and mobility, the 
participant was asked to complete the same physical assessments tested during visit 1. 
 
After the completion of all physical assessment in the study wheelchair, the same trained 
interviewer as from the first study visit conducted another face-to-face, semi-structured interview 
in order to ascertain the participants’ initial perceptions of the anterior tilt function and 
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anticipated uses or limitations. Participants were asked to respond to the following questions 
about anterior tilt, referred to here as “active reach”: 
1. What are your initial impressions of active reach? 
2. Do you think it will change the way you do activities of daily living in your home? 
3. Do you think it will change how you interact with the environment outside of your home? 
4. What do you think will be most helpful about active reach? 
5. What do you think will be least helpful about active reach? 
 
Upon completion of the second interview, the participant was instructed to use the study 
wheelchair over the course of the next two weeks as often as possible in order to ascertain the 
usefulness of the anterior tilt function in performing their day-to-day activities. The third and 
final visit was scheduled and the participant was informed that they would be receiving follow-
up calls approximately 24-hours after the second visit and one-week after the second visit in 
order to ensure the wheelchair was fitted and working properly as well as to encourage the 
participant to continue to use anterior tilt throughout their trial period. 
 
Study Visit 3 
Prior to the completion of the final study visit physical assessments, the same trained 
interviewer from the previous study visits conducted a final face-to-face semi-structured 
interview. This interview was used to ascertain the participants’ final impressions of the anterior 
tilt function, usefulness, and if they would request the function on their next power wheelchair. 
Participants were asked to respond to the following questions regarding anterior tilt, referred to 
here as “active reach”: 
1. About how often would you say you were able to use active reach during this study 
period? 
2. Do you feel that active reach helped you at all with your daily activities around the 
house? Why or why not? 
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3. Do you feel active reach helped you at all out and about in the community? Why or why 
not? 
4. Did active reach make using your chair for long periods of time more or less 
comfortable? And if so, in what ways? 
5. What do you think were the biggest benefits of active reach? 
6. What do you think were the biggest challenges of active reach? 
7. How do you think active reach could be improved to better help users do activities do 
daily living and participate in community activities? 
8. Did having active reach change the way you use your power seat functions? And if so, in 
what ways? 
9. Overall, do you feel that active reach enhanced your functionality? Why or why not? 
10.  Do you think you would be likely to request active reach on your next power 
wheelchair? 
11.  Anything you would like to add that I haven’t touched on with you yet already? 
 
Based on the individual’s responses, follow-up questions were asked to clarify various 
aspects of the discussion. Each interview lasted approximately 10 minutes. Interviews were 
audio recorded for later transcription and analysis and notes were taken during the interview.  
 
After the completion of the final semi-structured interview, the visit 1 study protocol was 
repeated.  Descriptions and analysis of other paper-based outcome assessments included in the 
larger study can be found in other publications.  
 
3.4 Data Analysis 
Descriptive statistics were used to identify the sample. Demographic characteristics and 
other background information were examined for their potential influence on the participants’ 
ability to use the anterior tilt seat function successfully. Means and standard deviations of 
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continuous variables in the demographic information were used to categorize the sample using 
SPSS version 24.0 (SPSS Inc., Chicago, IL). 
 
Recordings of the interviews from the study visits were transcribed verbatim. Notes were 
also taken by the interviewer to capture non-verbal communication or indistinguishable portions 
of the recording. All interviews were coded and collapsed into themes using a thematic analysis 
approach [34, 35]. Once each transcription was complete, two researchers, R.Y. and S. M., 
carefully read all of the interviews several times over, individually coding each interview for 
common themes. Both R.Y. and S.M. have been working with this population for the last two 
years. R.Y. has a bachelor’s degree in psychology as well as familial experience with individuals 
with disabilities and S.M. is a personal assistant through Beckwith Residential Support Services 
at the University of Illinois at Urbana-Champaign (UIUC), which provides support for residents 
with physical disabilities who require assistance with the performance of their ADLs. As a result 
of her role as a personal assistant, S.M. has a deep understanding of the daily challenges faced by 
full time power wheelchair users and great insight into the needs of this specific population. 
After individual coding was complete, the researchers met to compare and discuss the key 
themes and patterns related to the original research question. Once a consensus was reached, a 
codebook was created to aid in the analysis. All final coded transcriptions were reviewed by 
author L.R., who did not take part in the initial coding. Data analysis was performed on an 
ongoing basis.  
 
During initial coding, important quotations were identified for later use and discussed 
between the authors. Once the codebook had been created, codes were used to help identify 
demonstrative responses for use in the final publication. Given the wording of some of the 
interview questions ask, some participants gave very brief responses to which additional probing 
questions were asked for clarification.  Efforts were made to ensure that all of the participants’ 








Ten fulltime power wheelchair users (7 female) with a variety of mobility limitations 
participated in the study.  Participants ranged in age from 19 to 61, with a mean age of 26.8 ± 
12.33 years. Participants had been using a power wheelchair for an average of 13.2 ± 6.61 years 
and received an average of 23.37 ± 12.01 hours of activity of daily living (ADL) assistance per 
week. Eight participants were current students at the university where the study took place. One 
participant discontinued the study citing a lack of time and failed to complete the final study 
visit, however data from study visit 1 and 2 was included in the analysis. No meaningful 
differences were found between the responses given by the participant who withdrew from the 
study and those who completed all assessments. A full list of participant demographic 
information can be found in Table 1.  
Table 1: Participant Demographic Information 





















1 F 25 Caucasian student 115 Cerebral 
Palsy 
22 20 Permobil  M300 35 
2 F 25 Caucasian student 104 Cerebral 
Palsy 
25 15 Quantum Q6 Edge 2.0 31 
3 M 21 Other student 165 Spinal 
Muscular 
Atrophy 
19 14 Quantum Q6 Edge 12 
4 F 25 Caucasian student 125 Cerebral 
Palsy 
25 5 Quantum Q6 Edge 28 
5* F 25 Caucasian student 97 Spinal 
Muscular 
Atrophy 
24 17 Permobil M300 5 
6 F 23 Caucasian student 195 Cerebral 
Palsy 
22 11 Permobil C500 21 
7 M 26 Caucasian engineer 205 Spinal 
Muscular 
Atrophy 
24 7 Permobil M5 25 
8 F 62 Caucasian not reported  Multiple 
Sclerosis 
38 5 Permobil M300 36 
9 M 28 Caucasian student 150 Cerebral 
Palsy 
28 15 Permobil M300 5.66 
10 F 20 Caucasian student 89 Muscular 
Dystrophy 
17 12 Permobil C300 35 
*= discontinued study after visit 2 
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4.2 Visit 1: current power wheelchair and expectations of anterior tilt 
During the initial study visit, participants discussed questions related to their current wheelchair 
usage in their environment and the interaction between their wheelchair and their environment. 
Participants were also asked to discuss their expectations for the anterior tilt seat function and 
how it would potentially address some of these concerns. After synthesizing the data, five major 
themes emerged from the interviews: (1) participant background, (2) barriers to participation, (3) 
characteristics of current wheelchair, (4) acquisition challenges and (5) anterior tilt expectations. 
A complete list of themes, subthemes, and codes can be found in Table 2 below. 
Table 2: Current PWC & Expectations of Anterior Tilt Themes, Sub-Themes and Codes 
Theme Sub-theme Codes Sub-codes 
Background Social preference Stay at home mostly 
Participate in community occasionally 
Participate in community frequently 
Openness to new technology Open to try new things 
Prefer not to try new things 
Barriers to 
participation 
Need for Assistance Reaching & lifting objects  
Performing ADLs (bathroom) 
Wheelchair issues height achieved in seat elevator 
footplates can’t lift own 
arm rests 
need to get lower to the ground (under things) 
poor suspension 
chair is too bulky 
cannot forward tilt 
Poor accessibility of public 
spaces 
knowing where is/is not accessible 
uneven sidewalks 
public transportation 





Frequency of use All waking hours easier not to transfer 
Maintain mobility 
Most waking hours Transfer to other spots 
Seat functions used most 
frequently 







Difficult/ complicated Insurance did not want to pay for seat functions 
Time consuming  
No issues  
Anterior tilt 
expectations 
Reaching objects Higher up on shelves 
Farther back on work surfaces (table, counter, sink) 
Reduced need for assistance  





In response to the questions about common activities and use of new technology: participants 
discussed basic information about themselves, their social preferences and their openness to new 
technology usage and ADL performance. The two sub-themes: (1) social preference and (2) 
openness to new technology and ADL methods are discussed below. 
 
 Social preference/participation 
In response to the questions: “Do you prefer to stay in your home or get out and about in the 
community?” and “How often do you get out and about, spend time with friends, etc.?”, all 
participants reported that they regularly participated in out-of-home social activities on a regular 
basis, with the majority of participants indicating that they did so on a daily or near-daily basis. 
Only two participants indicated that they participated in out-of-home activities on a less than 
daily basis, instead reporting that they participated a few times a week. Most participants 
reported that they preferred being out in their community rather than staying at home and no 
participants reported a lack of social participation or preference for such.  
“At least once a day, for a lot of the time, even when I was a student, I usually would be 
out and about or outside for probably a good 8 or 9 hours a day and kinda only going 
home to eat, catch up on things, put stuff away and kinda go back out.” (Participant 7, 
spinal muscular atrophy) 
“I go to physical therapy twice a week. With doctor's appointments, I mean I'm usually 
out just about every, every day, maybe 4-5 days a week.” (Participant 8, multiple 
sclerosis) 
 
 Openness to new technology and ADL methods 
Participants were asked about their willingness to try out new technologies and methods of 
performing ADLs in order to gage their openness to utilizing the anterior tilt seat function and 
associated changes to their daily behaviors required to incorporate anterior tilt. In response to the 
question “Do you like to try out new technology on a wheelchair?” all but one participant 
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indicated at the baseline visit that they were open to trying new technologies for their power 
wheelchair. 
“Yeah, when I got this [power wheelchair] I was super excited about the new things that 
are on it, like the Bluetooth control and all the new stuff.” (Participant 7, spinal muscular 
atrophy) 
 
The single participant who indicated that they preferred not to try new things stated: 
“I'm very conservative when it comes to trying out new technology….I don't really like 
changing [my] wheelchair, I don't know.” (Participant 9, cerebral palsy) 
 
In response to the question “Are you open to trying new methods to perform your activities of 
daily living?,” all participants also indicated that they would be willing to try out new methods of 
performing their ADLs, particularly if the new way worked more effectively than did their 
regular method: 
 “Yeah, probably if they work better than the old way.” (Participant 9, cerebral palsy) 
 
Barriers to participation 
Participants were asked a variety of questions in which they discussed challenges they faced in 
their home and community that limited their ability to perform tasks independently. Based on the 
participants’ responses, three themes emerged: (1) need for assistance, (2) wheelchair issues, and 
(3) poor accessibility of public space. These themes were explored in order to gain a greater 
understanding of what needs of power wheelchair users are not met in their current power 
wheelchair when interacting with their environment in order to establish where anterior tilt may 





Need for Assistance 
When asked the question “What do you find most challenging about your activities of daily 
living and getting around?” participants discussed the need for assistance performing tasks being 
a major barrier to participation. Participants discussed needing to ask for help reaching objects 
that are high up or out of reach as being a major challenge faced in their daily activities. 
Additionally, several participants discussed having a lack of strength in their arms, which 
required them to ask for assistance with heavier objects as well: 
“Going grocery shopping, reaching things on tall shelves that are heavy.” (Participant 5, 
spinal muscular atrophy) 
 
Other participants discussed the need for assistance getting to and using the bathroom: 
 “Activities of daily living [are]… frustrating, living and needing help, especially when it 
comes to restroom breaks because I literally have to plan where the closest restroom is 
and whose going to help me and things like that. That’s really frustrating sometimes.” 
(Participant 6, cerebral palsy) 
 
Wheelchair Issues 
In response to the questions “What alterations would you make to your chair to help you better 
perform tasks on your own?” and “What alterations would you make to your chair to help you 
better interact with your environment inside and outside your home?” participants discussed a 
variety of wheelchair related issues which limited them from participating in activities of daily 
living and getting around. Most of the participants indicated that they felt their seat elevator did 
not get them high enough to perform their desired tasks and nearly all of the participants 
expressed a desire for a few more inches of height: 
“If my chair could go just a tad bit higher, that would be helpful. If things were more 




Additionally, several participants discussed wanting their wheelchair to be able to get lower to 
the ground and fit more easily under objects, such as tables: 
“I wish you could go down lower and like...sometimes this way (gestures out and 
downward) more or lower because… if you drop something like you can’t pick it up when 
you’re in your chair.” (Participant 4, cerebral palsy) 
 
Other wheelchair issues discussed included the size of their chairs being too large or bulky and 
wanting to be able to move the footplates out of the way on their own. 
“If it could be smaller.” (Participant 8, multiple sclerosis) 
“Be able to move the footrest by myself to help me get closer to reach things, and as I 
said earlier, be able to rise a bit more.” (Participant 10, muscular dystrophy) 
 
Poor Accessibility of Public Space 
When asked “Are there any barriers which you feel could be remedied to help you better perform 
these tasks on your own?” participants reported several issues regarding public spaces, which 
limited them from participating. These included four subthemes: (1) knowing where is and is not 
accessible, (2) uneven sidewalks, (3) public transportation and (4) inaccessible bathroom setups. 
These subthemes showed some overlap as one accessibility issue was often discussed along with 
another. Specifically, participants discussed difficulty determining if a building was accessible 
before traveling there, but also that accessing the building was determined by the quality of the 
sidewalks and transportation to that location. 
 
Several participants discussed the challenges with trying to determine if a space was wheelchair 
accessible before traveling to the location: 
“You want to make sure that the places that you go are accessible, so finding that out can 




Participants also discussed uneven sidewalks presenting as a major issue when trying to navigate 
public spaces. Additionally, some participants discussed the importance of having curb cuts in 
the sidewalks in order to navigate outside spaces: 
“It is a matter of good sidewalks and curb cuts and you know that kind of thing. It needs 
to be kind of even to get around.” (Participant 7, spinal muscular atrophy) 
 
Additionally, participants also discussed the need for accessible and reliable public transportation 
as a barrier to participation and ability to live independently. 
“You don't know what it’s gonna be like accessibility wise and getting on the buses here, 
even as accessible as they are, you know some stops are better than others. Some stops 
let off in a place where there's no sidewalk or the sidewalk is weird or you can't reach the 
button to cross the street” (Participant 2, cerebral palsy) 
“Making sure that I have public transportation to get me there when I live on my own, 
since I really want to live on my own. So I can take public transportation if I need to.” 
(Participant 4, cerebral palsy) 
 
Finally, one participant expressed frustrations with difficult to use public restrooms: 
“I think that public places should have…bigger restrooms and more one stall, gender 
neutral bathrooms because I have an older brother and sometimes we want to hangout 
but we can’t go out alone because if I'm using the restroom he can't assist me because 
he's male.” (Participant 6, cerebral palsy) 
 
Current wheelchair 
Participants were also asked several questions about their current power wheelchair use and 
comfort. These questions were asked in order to gain a better understanding of the participants’ 
use of their current power wheelchair and which seat functions they found to be most beneficial 
for interacting with their environment and improving their comfort. In turn, this information was 
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used to gain a better understanding of how anterior tilt would most suitably be integrated into the 
participants’ daily activities and where it could best be used to address the shortcomings of 
existing functions. Three sub-themes on this topic are discussed below: (1) comfort, (2) 
frequency of use, and (3) seat functions used most frequently.  
 
Comfort 
In response to the question “Do you find your wheelchair comfortable? Why or why not?” all but 
one of the participants stated that they found their current power wheelchair to be comfortable, 
sighting that their wheelchair fit them well, that their seat cushion was particularly comfortable, 
or that a variety of seat functions which they had on their wheelchair allowed them to maintain 
their comfort throughout the day: 
“The backrest makes it real comfortable. I have a really good air and foam seat and then 
of course I have [posterior] tilt, recline and feet elevation helps make that even better.” 
(Participant 7, spinal muscular atrophy) 
  
Frequency of use 
When asked the question “For how long each day would you say you use your wheelchair?” all 
of the participants indicated that they spend all or almost all of their waking hours in their 
wheelchair. When asked “When you are home, do you stay in your chair mostly or transfer to 
another spot, such as your bed or couch? For what reasons?” many participants indicated that 
their reason for staying in their wheelchair throughout the day was that it was easier to stay in 
their wheelchair than it was to transfer to another location. Several participants went on to state 
that they avoided unnecessary transferring to a secondary location because their wheelchair 
allowed them to maintain mobility that they would otherwise lose if they were seated elsewhere, 
like at a desk or on a couch: 
“I'm in my wheelchair all the time. I don't transfer to couches just because it's easier if I 
have to go to the bathroom or whatever.” (Participant 8, multiple sclerosis) 
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 “It’s just easier to stay in my chair.  My chair is pretty comfortable so I never get 
uncomfortable and I’m much more mobile when I’m in my chair versus when I’m not.” 
(Participant 3, spinal muscular atrophy) 
 
Two participants however, discussed liking to be able to transfer to other locations occasionally, 
as it allows them to be more comfortable and switch up the positioning of how they sit: 
“Say I like go over to a friend’s apartment, I might transfer on to their couch or bed or 
chair because sometimes I just want to be in another situation.” (Participant 4, cerebral 
palsy) 
  
Seat functions used most frequently 
In response to the questions “Do you use your power seat functions?”, “What functions do you 
most regularly use? Why?” and “Are there any functions that you do not use or do not find 
helpful?” all participants indicated that they used some or all of their seat functions regularly to 
increase comfort and/or mobility. Most participants indicated that they used every seat function 
which they had available to them on their wheelchair in order to meet their needs. The 
participants most frequently sighted their seat elevator as the most useful seat function for 
interaction with their environment. Participants also discussed the usefulness of the posterior tilt-
in-space, back recline, and power leg rest seat functions as useful for stretching their body out 
and repositioning: 
“I use the feet (leg rest) when I need to stretch my legs out. I use them to get my legs 
straight or if I need to like move them forwards or backwards or make sure that I can get 
in and out of my chair. I use the up and down function when I need to reach high things 
or when I want to have a conversation with somebody and not be like down there or if I 
need to view something higher. Sometimes I tilt my chair back to kind of stretch out. Um I 
think that I’m lucky that I’m not like in any pain and I go to great lengths to try and avoid 





Participants were also asked to discuss with the interviewer how they acquired their current 
power wheelchair. This theme was explored in order to gain a better understanding of the ability 
with which the participants were able to access the seat functions that they and their clinical team 
felt were necessary. Three subthemes about the process of obtaining their wheelchair: (1) that it 
was difficult or complicated, (2) that it was time consuming, or (3) that they did not have any 
issues with the process. 
 
 Difficult/complicated 
In response to the questions: “How did you obtain your current wheelchair?” and “Did you have 
any difficulties in this process?” most participants indicated that they had obtained their 
wheelchair through insurance, but sighted several challenges within this process. Half of the 
participants indicated that they had to fight with their insurer in order to get the seat functions 
that they needed on their wheelchair, as the insurance company did not want to pay for them 
initially or at all because the functions were not considered medically necessary. These fights 
were met with mixed success as reported by the participants.  
“Through my insurance and yes, it was very difficult. It took a lot of time and writing 
letters and actually the elevator, the seat elevator, I had to pay for myself because I was 
told it was a "convenience item" and I didn't even go through Medicare, I paid the out-of-
pocket deductible instead of going through Medicare because I guess that's even worse to 
go through.” (Participant 8, multiple sclerosis) 
 
 Time consuming 
Another difficulty most of the participants also cited was that the process of acquiring their 
wheelchair was very time consuming, taking many months from the time they required a new 
wheelchair to when they actually got their new device. 
31 
 
“It is at least a 6-8 month waiting list just to get an appointment with [the seating clinic. 
So you need to try to kick start the process at least a year before you actually hope to 
have the chair.” (Participant 2, cerebral palsy) 
 
 No issues 
Three of the participants however, stated that they did not have any issues that they could recall 
in the acquisition process of their current wheelchair. These participants all had a different 
disability than one another. However, two of the participants expressed surprise at the lack of 
problems and ease with which they acquired their wheelchair, indicating that they had faced 
problems in the past with the process, though not with their most recent wheelchair: 
“None that I can think of. It went a lot smoother than getting other new chairs that I can 
think of.” (Participant 9, cerebral palsy) 
 
Anterior tilt expectations 
Once participants had discussed their current power wheelchair, they were also asked about how 
they anticipated anterior tilt would change the way they were able to perform their activities of 
daily living. In response to the question “How do you think active reach will help you better 
perform your activities of daily living?” three major sub-themes emerged: (1) reaching objects, 
(2) needing less assistance, and (3) getting closer to people and objects, which are discussed in 
more detail below.  
  
Reaching objects 
Participants indicated that they expected anterior tilt to help them reach objects better because it 
would allow them to get higher up and closer to desired objects, enabling them to reach further 
than they are able to in their current wheelchair. Participants felt that anterior tilt would help 
them reach either higher up on shelves, such as in a store, or farther back on work surfaces, such 
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as at a desk, counter, or sink, than they were able to with their current seat functions, allowing 
them to reach objects with greater ease: 
“I haven't tried it yet, but I think that it can be helpful for reaching for things on shelfs in 
the store and also getting underneath the sink and reaching for things on the sink counter 
and I have some shelfs and a copy machine at work that I think might be good for it.” 
(Participant 2, cerebral palsy)  
  
Needing less assistance 
Several participants also discussed how they felt that anterior tilt would allow them to perform 
more of their activities of daily living independently, therefore requiring less assistance from 
care partners throughout the day: 
“I'll be able to do more because there won't be things that are out of my reach. Be more 
independent.” (Participant 8, multiple sclerosis) 
 
Getting closer to people and objects 
Additionally, one participant discussed that they anticipated anterior tilt facilitating them in 
being able to get closer to objects and people while facing forward: 
“I think it will help a lot because I will be able to get closer to things like when I'm 
reaching for things…Also I think it would help tremendously in my future profession as a 
social worker and potentially as a pastor. [I] feel my clients/patients, won’t feel so 
distant from me, I can skootch in a little bit closer to them and make them feel more 
intimate.” (Participant 6, cerebral palsy) 
 
4.3 Visit 2: Initial impressions of anterior tilt 
After being fitted for their study wheelchair and instructed on use, participants completed the 
same physical tasks which they performed in their own power wheelchair during the first visit in 
order to familiarize themselves with the study wheelchair and the anterior tilt seat function as 
33 
 
well as to establish first impressions of the seat function. After the completion of these physical 
tasks, participants were asked to discuss what they thought about the anterior tilt seat function 
after using the wheelchair for approximately 45 minutes. A complete list of questions asked to 
the participants can be found in the methods section. After reviewing the data, three major 
themes emerged from the interviews: (1) initial impressions of anterior tilt, (2) expected 
environment of use for anterior tilt, and (3) anterior tilt initial design concerns. A complete list of 












Participants were asked the questions “What are your initial impressions of active reach?”, 
“What do you think will be most helpful about active reach?” and “What do you think will be 
least helpful about active reach?” immediately after completing the physical assessments. 
Participants discussed generally their initial impressions of the anterior tilt seat function on the 
study wheelchairs, having both (1) positive and (2) negative responses to its usefulness in 
completing the physical tasks during the study visit. 
  
 
Table 3: Initial Impressions of Anterior Tilt Themes, Sub-Themes and Codes 




Positive Reach further  Use in conjunction with seat elevator 
Higher up on shelves 
Farther back on work surfaces 
Assists in ease of transfers 
Increase independence 
Easier to use than standing function 
Exercising/ engage different muscles 
Negative Limited benefit Higher up on shelves 
Farther back on work surfaces 




Community Improve dining 
experience 
Get closer to table 
Bar-height tables 
Interaction with people in a standing position 
Home Getting objects from the fridge 






Safety equipment limits use of natural function 
Need assistance to don/doff equipment 




All participants reported positive aspects of anterior tilt. All but one participant indicated that 
they felt anterior tilt helped them reach further than they were able to do without using the seat 
function. However, participants were divided on how anterior tilt was beneficial. Some 
participants found it more useful for reaching upward, such as one would when retrieving an 
object from a high shelf, while others found it more useful for reaching deeper or farther back on 
work surfaces, such as a desk, counter, or sink. Those participants that found anterior tilt to be 
most beneficial for reaching upward, found it to be most useful when used in conjunction with 
the wheelchair’s seat elevator function: 
“If I was in the store or something and I knew that I could like be tall enough to reach 
something if I used it then I’d at least try to use it as well as the seat elevator. I think that 
both of them together are more useful than they are separate.” (Participant 1, cerebral 
palsy) 
 
Some participants also discussed how anterior tilt was helpful in assisting with the ease of 
performing a transfer by tilting the seat forward. Several participants found that using anterior tilt 
was easier to use than standing or a standing seat function because anterior tilt allowed for some 
weight bearing in the lower body, but not too much for the participant to handle. Thus, they 
found that anterior tilt would be useful for controlled weight bearing in their legs and that it 
relieved pressure on the sitting surface: 
“I like that it gives you a little bit of standing without putting so much weight on your 
legs because I haven’t done that in a long time so I was not sure how that was going to 
be. But it's not bad, I really like it.” (Participant 7, spinal muscular atrophy) 
 
Two participants indicated that they liked how anterior tilt got them to engage different muscles 
than they were used to in their current wheelchair. One participant also stated that anterior tilt 
was likely to increase their independence overall. 
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“It will take me time to figure out where its best, but I can see where it can really 
increase independence….I think I'll be able to move in different ways, maybe use muscles 
that I don't normally use.” (Participant 10, muscular dystrophy) 
  
Negative 
Participants also reported areas in which they did not find anterior tilt helpful. Some participants 
reported they still had challenges reaching items either higher up on shelves or farther back on 
work surfaces, even when using the fullest extent of the forward tilt. 
“It wasn’t useful for me to reach things in my cabinet.” (Participant 1, cerebral palsy) 
 
Some participants also felt after their initial use of the seat function that using the anterior tilt 
function in conjunction with the seat elevator was no more beneficial than using the seat elevator 
function alone for certain tasks.  
“I found that as long as I have an elevator the active reach doesn't make a big difference 
in the grocery test.” (Participant 9, cerebral palsy) 
“I am not sure if I would use it so much for cooking prep. I think I can still get a little bit 
closer with the seat elevator and being parallel to the counters.” (Participant 7, spinal 
muscular atrophy) 
 
Additionally, two participants felt that the seat function was not intuitive to use and that they 
were unsure where they would be able to incorporate anterior tilt in their activities of daily 
living. 
 “Sometimes I think it is almost trickier to remember to push the buttons because even as 
a person with CP… it’s harder to remember to push buttons than to just use your actually 




Expected environment of use 
Participants were asked to discuss where they thought they would be most likely to use the 
anterior tilt seat function in their everyday lives. Participants responded with (1) home 
environment uses and (2) community environment uses for anterior tilt. 
 
Home 
In response to the question “Do you think it will change the way you do activities of daily living 
in your home?” participants primarily discussed how they thought the anterior tilt seat function 
would be useful for retrieving items out of the refrigerator and getting themselves farther over 
working surfaces, like the bathroom sink or kitchen counter, within their homes. This additional 
functionality would likely increase the participant’s ability to perform activities of daily living, 
like cooking and grooming, independently: 
“I think it will certainly help putting things in the fridge or doing certain things in the 
bathroom. But who knows maybe it will help with cooking when I get a little bit used to it, 




In response to the question “Do you think it will change how you interact with the environment 
outside of your home?” participant predicted where they thought anterior tilt would benefit them 
most in their community. Though not practiced during the study visit prior to participant’s initial 
impressions interview, several participants believed that anterior tilt would be useful for 
improving their dining experiences by allowing them to get their torso closer to the tabletop than 
their current wheelchair would permit them to do by tilting the seat forward. Participants also felt 
that anterior tilt would be particularly useful at restaurants with bar-height seating when used in 
combination with the seat elevator function: 
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“In some places where there is higher seating it'd work well, or if I'm in a place where I 
can't see and I could raise up higher, yeah I think that would help.” (Participant 5, spinal 
muscular atrophy) 
 
A few participants also felt that anterior tilt would be beneficial for interacting with people at a 
more natural eye level out in public: 
“I think I will be able to go out closer to people, especially small children. I have nieces 
and nephews that I will be able to assist my lap better.” (Participant 6, cerebral palsy) 
 
Anterior tilt design concerns 
Though many of the initial impressions were positive, participants expressed some concern about 
the design of the anterior tilt seat function when responding to the questions “What are your 
initial impressions of active reach?” or “What do you think will be least helpful about active 
reach?” Participants discussed two primary concerns regarding the study wheelchair enabled 
with anterior tilt function: (1) safety equipment and (2) wheelchair fit. 
  
Safety equipment 
Participants who did not use a chest strap on their current wheelchair stated that though the 
safety equipment (chest strap and knee block) required to use the anterior tilt seat function 
helped them feel secure while in the forward tilt position, it also limited their natural range of 
motion: 
“I think that it's nice to turn forward a little bit, but initially I'm wondering if the belt 
(chest strap) that's required in order to use [anterior tilt] is actually restricting some of 
the natural forward lean that I have.” (Participant 2, cerebral palsy) 
 
Participants also expressed concern about being able to use the anterior tilt function without help 
because they were concerned about the large size and weight of the knee block, which they 
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would likely not be able to put on or take off without assistance. Additionally, they expressed 
concern about the positioning of the chest strap on the wheelchair as they might not be able to 
buckle it independently: 
“The harness and the knee blocks, like I understand why they have to be built the way 
they are built, but I feel like…people of other physical situations, might have a hard time 
dealing with that…we know that we have these functions to make us more independent 
but if we can’t set up to use those functions independently then it kind of defeats the 
purpose.” (Participant 1, cerebral palsy) 
 
Wheelchair fit 
Though participants’ own wheelchairs were measured and these measurements were used to best 
match the participants with study wheelchairs which would meet their safety and comfort needs, 
some participants still expressed concern about the study device being a non-custom wheelchair. 
This seemed to be primarily as a result of the participants being accustomed to unique features 
set up specifically to meet their needs on their own wheelchair, such as custom seating and hooks 
to hang their bags on, which were not always equivalent on the study wheelchairs.  
“I'm not sure how I feel about this seat only because I'm so used to being able to adjust 
my hips. This fabric usually doesn't really allow that with the clothing and the friction. 
Same with the arm rest, but we'll see.” (Participant 5, spinal muscular atrophy) 
 
4.4 Visit 3: Overall impressions of anterior tilt 
After the completion of the 14 day trial period, participants were split in their use of the anterior 
tilt function, with five of the participants reporting daily or near daily use of the seat function and 
four reported limited use. All participants reported positive uses for the anterior tilt function that 
they had found throughout the trial period. Upon reviewing the data, five main themes emerged 
from this final interview: (1) general perceptions of anterior tilt, (2) environment specific 
benefits, (3) comfort, (4) future use of anterior tilt, and (5) areas of improvement. A complete list 
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of questions asked to the participants can be found under Visit 3 on page 16 and a complete list 
of themes and subthemes found from visit 3 can be viewed in Table 4 on the following page. 
Table 4: Impressions of Anterior Tilt Themes, Sub-Themes and Codes  
Theme Sub-theme Codes 
General Perceptions Positive Reach further 
Having options to make changes 
Improved functional ability 
Increased use of seat functions 
Negative Safety equipment restrictive 
Needs the right environment 
Specific Areas of Benefit Community Item retrieval from shelves 
Access to elevator 
Work/School Using office equipment 
Getting under a desk 
Interactions in a standing position 
Home Getting closer to objects 
Increased reach 
Use of appliances 
Specific Challenges  Restricts Movement Footplates restrict forward reach 
Manipulation of safety equipment Time required to don/doff equipment 
Need additional assistance 
Comfort Decreased comfort Non-custom chair 
Knee block placement 
No influence 
Increased comfort Different way to perform a pressure relief 
Future Use of Anterior Tilt Yes Increased reach 
Interaction with people in a standing position 
No Not worth the fight with insurance company 
Do not like standing 
Did not increase function 
Areas of improvement Safety equipment Make chair more compact 
Make it easier to manipulate safety equipment 
Prevent knee blocks from rubbing 
Faster change in position 
Additional arm support 
Tuck away footplates 
 
General perceptions 
Participants were asked to discuss the aspects of the anterior tilt seat function they liked and 
disliked after using the study wheelchair in their own environment for the trial period. Several of 
the initial impressions of anterior tilt which participants discussed during the second study visit 
remained the same once the trial period was complete. However, there were some instances 
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In response to the question “What do you think were the biggest benefits of active reach?” 
participants indicated that throughout the trial period, they felt that the anterior tilt function 
helped them to reach a little bit further forward and/or higher up than did the seat elevator alone.  
“I think for me, the biggest benefits was just being able to reach a little more.” 
(Participant 3, spinal muscular atrophy) 
“It gave me a few inches to get a little bit closer to stuff.” (Participant 6, cerebral palsy) 
 
Participants also indicated that the anterior tilt function was beneficial because it allowed for 
them to have additional options in how to orient their wheelchair so that they could have a 
comfortable seating position as they interacted with their environment throughout the day and to 
stretch their body out: 
“It’s another way that you can kind of readjust and take pressure off of some points on 
your body, other than the other modes that already exist, so that was kind of nice.” 
(Participant 7, spinal muscular atrophy) 
 
When asked “Did having active reach change the way you use your power seat functions? And if 
so, in what ways?” several participants felt that having the anterior tilt seat function encouraged 
them to utilize their seat functions more frequently. Additionally, participants felt that the 
anterior tilt function improved their overall functional ability when asked the question “Overall, 
do you feel that active reach enhanced your functionality?”  
“For people who want [to be] doing one more thing by themselves, [it] could mean that 
much more in empowerment. Being able to do one more thing, just a little bit better, 




In response to the question “What do you think were the biggest challenges of active reach?” the 
most frequently discussed item by participants who did not use a chest strap on their current 
wheelchair was the concern that the study wheelchair’s safety equipment was restricting the 
participants’ unassisted movement, specifically their ability to lean forward or downward on 
their own. Both the chest strap and the knee block were referred to as “in the way” of performing 
tasks that the participant was able to perform in their own wheelchair without the safety 
equipment.  
“The knee block and the seat belts held me back so much…I think it was just overall 
more restrictive because of the way the safety features were set up… I have enough 
ability to lean forward on my own…but I think right now it’s more designed for someone 
who can't lean forward very much at all on their own to tip them forward.” (Participant 
2, cerebral palsy) 
 
Participants also reported that they felt that the knee blocks increased the overall size of the 
wheelchair. Participants reported that they were not as easily able to get under work surfaces that 
they were able to access in their own wheelchair. 
“I had to be careful in trying to grab something under my desk because it was nice that I 
could reach the stuff, but it made my knees hit kind of when I went under.” (Participant 6, 
cerebral palsy) 
 
Lastly, multiple participants stated that they felt the anterior tilt seat function required a mostly 
accessible environment in order for it to be useable: 
“I think it would just like depend on your environment more than like the chair itself. I 
think if like you were in an environment that was a little bit more made for being 
adaptable and accessible to chairs, you could get more use out of it.” (Participant 7, 
spinal muscular atrophy) 
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“If in a perfect world, everyone lived in an accessible apartment, we could just move the 
cabinets out of the way, [then] it would be great. But I think it is hard to figure out how to 
position the chair itself to be able to use it successfully.” (Participant 1, cerebral palsy) 
 
Specific Areas of Benefit 
After using the study wheelchair for the trial period, the participants reported several 
environments in which they found anterior tilt to be beneficial. Many of the expected 
environments of use discussed during the second study visit were not the same as those discussed 
at the final visit. None the less, the participants found a variety of locations where the anterior tilt 
function was beneficial: (1) out in their community, (2) at work/school, and (3) in their home.  
  
Community 
In response to the question “Do you feel active reach helped you at all out and about in the 
community? Why or why not?” participants found the anterior tilt function to be beneficial for 
daily tasks outside of their home. Several participants discussed how anterior tilt assisted them in 
the retrieval of items that were either farther back on store shelves or on a higher up shelf in the 
store:  
“It was nice when I…used an elevation combination with active reach. Because when I 
went to get something off the shelf, I was like 'Oh, if I could only get a couple inches 
closer’.” (Participant 6, cerebral palsy) 
“I was able to reach candy from the top shelf from the Illini Union convenience store. 
And then I bought two post cards that were high up” (Participant 9, cerebral palsy) 
 
One participant also reported that being up in anterior tilt allowed her to better access the buttons 
on an elevator: 
“With using the elevator, [anterior tilt] actually helped by leaning me forward to press 




While not discussed as a potentially beneficial environment during the second study visit, when 
asked about use of anterior tilt in their community several participates reported that they had 
found anterior tilt to be beneficial in performing a variety of work and school related tasks after 
using the study wheelchair. A few of the participants talked about how anterior tilt allowed them 
to better position themselves comfortably under a desk at work. These participants also found 
that anterior tilt was useful in getting them a better view of the top of surfaces in which access to 
below that surface was blocked, such as when using a work place copy machine.  
“I think it was most helpful for something like the copy machine, where you can't quite 
get all the way under it.” (Participant 2, cerebral palsy) 
 
Participants discussed how anterior tilt made using a computer and viewing a co-worker’s 
computer screen when working collaboratively more comfortable and less challenging. 
“It was good for when I had to lean over my coworker's desk to look at her computer 
screen.” (Participant 2, cerebral palsy) 
 
Additionally, as some participants had anticipated prior to the use of the study wheelchair, they 
found anterior tilt to be beneficial in their work environment when interacting with individuals in 
a standing position. 
“At the art museum, I was able to have a better position to interact with the guests, which 
I like. And it was helpful… sometimes when you're pointing to different art work, you 




In response to the question “Do you feel that active reach helped you at all with your daily 
activities around the house? Why or why not?” participants discussed tasks within their home 
44 
 
environment that they felt the anterior tilt function was most useful for. Some of the participants 
felt that anterior tilt was beneficial in helping them get their torso closer to and more over their 
bathroom sink. Whether the participant found anterior tilt to be useful for this task appeared to be 
largely dependent on the type of sink the participant had (wheelchair accessible or pedestal). Of 
the participants who discussed using the sink during their interview, those who had access to 
under their sink seemed to find being in anterior tilt more useful than those who’s access was 
blocked. This may be due to the footplates preventing the participant from getting as close to the 
counter top if access under the sink was blocked.  
 
Some participants also found that the anterior tilt function was helpful for reaching into upper 
cabinets, as the function allowed them some additional height. When asked if anterior tilt helped 
with performing activities of daily living within their home, one participant responded: 
 “Yes. Especially with reaching in the high cabinets.” (Participant 8, multiple sclerosis) 
 
One participant also mentioned that they found the anterior tilt function beneficial for residence 
hall room microwave use, since her microwave was located on a shelf that was approximately 18 
inches higher up than her desk. Being up in anterior tilt allowed her to operate the microwave 
without having to try to work over her head and allowed her to get closer to the shelf while 
facing forward.  
 
Specific Challenges 
Despite noting several areas of benefit, participants still found there to be specific challenges 
which they faced when using anterior tilt. Participants discussed how the design of the study 
wheelchair (1) restricted movement and that the (2) manipulation of the safety equipment 





 Restricts Movement 
Several of the participants found that even when they were fully in the anterior tilt position (20 
degrees forward tilt) with the seat elevator, they were still unable to reach into cabinets above a 
counter top or perform kitchen tasks, such as food preparation, in a forward facing position 
because the footplates prevented them from getting close enough to their desired target. These 
participants felt this distance between them and their target decreased the benefit gained from the 
additional height anterior tilt provided. 
“It’s hard when the footplates 
still kind of get in the way with 
things, so anything that you 
might’ve gained with height and 
being able to like reach over the 
stove instead of next to the stove 
was kind of lost when you still 
have to be in front of the stove 
away from it because your feet 
are still in the way. Same kind of 
goes with the sink.” (Participant 
7, spinal muscular atrophy)  
Figure 4 shows several inches of 
space remaining between the user 
and their desired task as a result 
of the footplates preventing any 
additional forward approach. 
 
Manipulation of safety equipment 
Participants also discussed concerns regarding the manipulation of the safety equipment. 
Similarly to when the participants first received the study wheelchair, most of the participants 
did not feel that they were able to independently put on or take off the equipment required to 
Figure 4: Use of anterior tilt in a forward approach 
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safely use the anterior tilt function. Thus, they required assistance to put this equipment on 
before each use: 
“Trying to get the equipment on there to be able to use it which is super difficult and like 
today I have been home by myself all day and it has been like that for the last few weeks. 
So it’s hard, because no one’s here to help put this stuff on and I don't want to be too 
brave and try to balance and fall…I think I would be able to pull the knee block out, but 
putting it in might be difficult. And even if I wanted to reach the harness, I would not be 
able to do that.” (Participant 1, cerebral palsy) 
 
Comfort 
Participants were asked the question “Did active reach make using your chair for long periods of 
time more or less comfortable? And if so, in what ways?” Participants responded that anterior tilt 
(1) decreased, (2) increased, or (3) has no influence on the comfort of their wheelchair. 
  
Decreased Comfort 
Some participants found the safety equipment made using the wheelchair for long periods of 
time less comfortable. Participants indicated that when they used the anterior tilt function, they 
felt an uncomfortable amount of pressure on their shins from the knee block. This concern was 
addressed with both participants during their second study visit in order to ensure the knee 
blocks were fitted appropriately, however both participants reported continued irritation when 
using the seat function. Participants also indicated that because the study wheelchair was not 
customized to their specific needs, like their own wheelchair, the study wheelchair was less 
comfortable, though this did not directly have to do with the use of anterior tilt:  
“Less comfortable just because it wasn't molded to my body yet which is understandable 






Two participants indicated that they found that the anterior tilt function made using their 
wheelchairs for long periods of time more comfortable. Participants liked that they were able to 
take the pressure off of their bottoms and have some weight bearing in their legs in a controlled 
fashion, as well as allowing them an additional way to stretch out their body while in their 
wheelchair: 
“I'd probably say more comfortable only because it’s another way that you can kind of 
readjust and take pressure off of some points on your body, other than the other modes 
that already exist.” (Participant 7, spinal muscular atrophy) 
 
No influence 
Most of the participants did not find using the anterior tilt seat function had an effect on their 
comfort while using the wheelchair for an extended period of time. Some of these participants 
went on to indicate that the other seat functions they already had on their own wheelchair, such 
as back rest recline and power leg rests, were sufficient for them to stretch and perform pressure 
relief: 
“I think it was pretty much the same. Yeah, just because my chair also has the…recline 
and the articulating feet…those features are what makes it comfortable for me because 
then I can do pressure relief and stuff like that, and I can do that in my chair and I can do 
it in that [study chair” (Participant 3, spinal muscular atrophy) 
 
Future use of anterior tilt 
Participants were also asked “Do you think you would be likely to request active reach on your 
next power wheelchair?” This question was asked in order to ascertain whether participants felt 
that anterior tilt was of great enough benefit to their daily living that they would seek it out for 
future use. There were mixed responses from the participants and the rational for their responses 
are discussed below.  
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 Yes: Would request on next wheelchair 
Four of the participants indicated that they would request the anterior tilt function on their next 
power wheelchair. These participants indicated that they felt anterior tilt provided them with a 
meaningfully increased reach and that it allowed them to have more intimate and natural 
conversation with non-wheelchair users: 
“I think I would, yes. Like I said, there are moments where it is beneficial to have those 
extra couple inches in addition to the seat height, and it’s just kind of nice to be in a more 
standing position to talk to folks” (Participant 7, spinal muscular atrophy) 
 
One participant indicated that they were unsure if they would request anterior tilt on their next 
wheelchair or not. This participant, as with many of the others, discussed both benefits and 
challenges associated with using anterior tilt. As a result, this participant was not clear on 
whether they would benefit from future use of anterior tilt. 
 
No: Would not request on next wheelchair 
Four of the participants indicated that they would not request the anterior tilt function on their 
next power wheelchair. Participants most frequently cited the idea that anterior tilt function did 
not meaningfully increase their functionality enough to want it on a future wheelchair or to be 
willing to fight with their insurance to get it. However, several of these participants indicated that 
if the design of the seat function was modified in such a way that they were less restricted, then 
they might see a greater benefit of future use: 
“For me, no, because…I think that right now, based on what active reach can do, I have 
enough ability to lean forward on my own. If they changed it in such a way that it could 
help people who already could lean forward pretty well… then maybe, but I think right 
now it’s more designed for someone who can't lean forward very much at all on their 




One participant indicated that after having used anterior tilt, they did not like how it felt to be in 
a semi-standing position, so did not think they would use it even if it was on their current or 
future wheelchair. 
“No, because I don't know the idea of standing, it didn't appeal to me” (Participant 9, 
cerebral palsy) 
 
Areas of improvement 
In order to gain a more in depth understanding of how the anterior tilt function could be 
modified, participants were asked “How do you think active reach could be improved to better 
help users do activities of daily living and participate in community activities?” Participants 
discussed specific ways in which they thought anterior tilt could be improved. Four main sub-
themes emerged: (1) safety equipment, (2) faster change in position, (3) addition arm support, 
and (4) tuck away footplates. 
 
Safety equipment 
The primary reason provided by the participants for the disuse of the anterior tilt function during 
the trial period was that the safety equipment was difficult to use, citing the same concerns that 
they had presented when first using the study wheelchair during visit 2: 
“The seat belts. I think that I understand why the seatbelts are there, but I think there's so 
much stuff involved in keeping you from falling out that it somewhat restricts you, taking 
away from some of your own mobility that you did have.” (Participant 2, cerebral palsy) 
 
As such, participants suggested that redesigning the safety equipment so that it maintained its 
purpose and function, but was less cumbersome to use would be beneficial to future users. This 
change would make it more feasible for another wheelchair user to be able to independently 




Additionally, one participant suggested that making the knee blocks more compact would make 
the wheelchair and the seat function easier to use in a variety of settings.  
“Maybe if it was a little smaller, a little lower down. In the dining hall, it was sort of 
hard to position, it was bizarre and I was not used to it, I just couldn't angle it correctly.” 
(Participant 9, cerebral palsy) 
 
Finally, some of the participants felt that working towards ensuring that the knee bocks did not 
cause adverse effects, like rubbing on their shins, was an important factor that would make using 
the anterior tilt function more comfortable and enjoyable overall. 
“I would suggest for whoever designed…the knee blocks, to take into account…rubbing 
on people's skin and stuff.” (Participant 2, cerebral palsy) 
  
Faster change in position 
A couple of the participants discussed one of the drawbacks of the anterior tilt function was that 
it took a long time for the wheelchair to shift from a regular seated position up to the anterior tilt 
position. They felt that while the seat function had its uses, for individuals who had the ability to 
lean forward and support weight in their feet for short periods of time, it was simply easier to 
perform the action without the use of the seat function. 
“Be able to do it quicker. I feel that kind of the other drawback, sometimes it’s just easier 
for people like myself that have some degree of trunk control, to just bend down and do it, 
rather than like fiddling around with the buttons.” (Participant 4, cerebral palsy) 
  
Additional arm support 
As discussed earlier, some of the participants found that their lack of upper extremity function 
limited their ability to benefit from environmental uses of the anterior tilt function. As such, 
some of these participants discussed the desire for the power wheelchair to have some additional 
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arm support so that they would better be able to utilize the anterior tilt function and reap the 
benefits of the added height. 
“Maybe having some way to prop your arms up, for people who do not have a lot of 
upper body strength to…still be able to utilize that feature, to be able to reach further.” 
(Participant 3, spinal muscular atrophy)  
  
Tuck Away Footplates 
In suggesting improvements to the design of anterior tilt, two participants indicated that having a 
feature that enabled them to tuck their feet more under their seat, so that the footplates were out 
of the way, would make anterior tilt more effective. 
“Something to do with the footplates… like some way to get them more out of the way, 
under you maybe” (Participant 7, spinal muscular atrophy) 
 
Finally, one participant indicated that they did not feel that anterior tilt needed any improvements 
to its design, but rather that the seat function would be beneficial without any changes to the 
‘right’ wheelchair user: 
“Personally, I don't think it needs improvements. I don't think I would be someone to use 
it often, but someone who has difficulty doing more it would probably benefit.” 







The current study examines power wheelchair user’s perceptions of the anterior tilt seat 
function before use, upon first encounter, and after two weeks of personal use of a study 
wheelchair enabled with the seat function. This study provided insight into the performance and 
function of the anterior tilt seat function from the perspective of power wheelchair users outside 
of a laboratory setting. This is unique compared to the previous literature which has primarily 
focused on static anteriorly tilted seat positioning in laboratory settings [18, 19, 20]. Participants 
provided feedback after use of the anterior tilt function in their own environment. This enabled 
the researchers to increase the understanding of parameters including, but not limited to, 
perceived functional mobility, physical well-being, and user satisfaction. 
 
Functional Mobility 
Wheelchair users do not only use their wheelchairs for getting from one place to another 
on a flat plane. Instead, they use their wheelchairs for many and sometimes all of their day-to-
day activities, operating in a three-dimensional environment, where they need to be able to 
interact with objects and people at a variety of heights. Power wheelchair users with significant 
disabilities rely heavily on their seat functions in order to perform these different tasks and 
enhance their quality of life. Having additional options for seat positioning maybe an important 
factor for maintaining mobility, functionality and fostering independence for wheelchair users. 
As such, user evaluations are of particular importance in order to provide guidance to design 
teams to ensure that newly developed technologies positively impact wheelchair users’ quality of 
life. 
 
Findings of this study revealed that the anterior tilt seat function provides participants 
with extra reach and additional body positioning options that make it easier to conduct a wide 
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range of daily tasks in a variety of environments both inside and outside the participants’ homes 
by increasing the participants’ functionality. The effect of this seat function may have vast 
impacts on a power wheelchair user’s ability to perform tasks independently. 
 
Participants discussed a variety of environments and situations in which they found 
anterior tilt to be most beneficial in their personal use of the study device. Interestingly, all of the 
environment specific benefits discussed by the participants in this study closely align with the 
community environments and vocational/ recreational benefit examples given by RESNA in 
their position paper on standing devices for power wheelchairs [12]. Therefore, anterior tilt 
appears to have similar perceived benefits to standing devices for users in their social and 
vocational environments. Future research will need to explore the long term physical impact of 
regular use of anterior tilt function and how this compares to standing function. 
 
As discussed by some of the participants, the anterior tilt function and its associated 
safety features could be very beneficial for certain power wheelchair users, but less helpful for 
others. Generally, the participants with poor upper extremity function did not find anterior tilt to 
be much more beneficial than the seat elevator function alone. These users did indicate that 
anterior tilt would be more beneficial for someone with better use of their upper extremities. This 
might be a factor for consideration by practitioners when deciding if the anterior tilt seat function 
would be beneficial for their client. 
 
Physical Well-Being 
With regard to physical well-being, participants also discussed benefits in comfort and 
weight bearing as a result of anterior tilt use. This finding is also similar to the benefits described 
in the RENSA position paper for standing function in power wheelchairs [12]. Though not 
quantitatively tested in this study, some participants discussed the benefits of using anterior tilt 
as an alternative form of pressure relief and stretching that their own wheelchairs could not 
provide. This suggest that anterior tilt may have clinical benefits towards users’ physical well-
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being. Future studies will need to look at the specific pressure redistribution that results from the 
use of anterior tilt in order to better understand the quantitative impact of this shift in weight.  
 
However, not all participants found anterior tilt to be beneficial for the purpose of 
pressure relief or stretching. Some participants reported increased pressure on their shins as a 
result of the use of the knee block while in the anterior tilt position. As a result, clinicians must 
assure proper adjustment of the knee block and frequently follow up with their clients to assure 
proper alignment.  Participants might not have seen a difference in comfort level or pressure 
relief due to lack of regular use of the function in the short time frame in which they were asked 
to use the device. More of the participants may have found this additional positioning option to 
be beneficial given more time to familiarize themselves with the wheelchair and using the 
anterior tilt seat function on a regular basis. 
 
Based on the qualitative data, it seems that anterior tilt may be a beneficial alternative to 
standing function for individuals who lack standing tolerance, as participant who had previously 
used a standing wheelchair discussed that anterior tilt allowed for some weight bearing in the 
lower body, but not too much for them to handle. Previous research [20] has indicated that 
anterior tilt positioning appears to partially shift pressure off of the user’s sitting surface and into 
their lower extremities, increasing weight bearing through the feet during forward reaching, but 
does not require full weight bearing in the legs. Further research is needed to assess this potential 
use of anterior tilt as an alternative to standing function, particularly in populations who have 
been determined as not likely to be able to tolerate the use of a standing wheelchair.  
 
User Satisfaction 
Overall, the participants had mixed responses toward anterior tilt in regards to user 
satisfaction, with many having both positive experiences and critiques of the seat function. All of 
the participants raised concerns about the safety equipment associated with anterior tilt. The 
chest strap was primarily criticized for being inflexible and limiting the user from leaning 
forward. As a result, it is critical that when a client is considering the use of anterior tilt the 
55 
 
clinician assisting the client carefully examine various chest strap configurations to maximize 
movement while providing sufficient stability. The knee block was primarily criticized for its 
bulk and weight, making it hard to manipulate independently and getting in the way of reaching 
downward towards the floor. These concerns led several of the participants to feel that the 
drawbacks of the design negated the benefits gained from the use of anterior tilt. 
 
These concerns provide valuable insight into where the anterior tilt function on power 
wheelchairs can be improved in order for manufacturers to better accommodate the needs of 
potential users of these technologies. Several participants hypothesized that anterior tilt would be 
more useful for wheelchair users who had less ability to naturally lean forward. Therefore, 
careful consideration and use of customized safety equipment is critical to maximize 
functionality of the client. 
 
5.1 Implications/Application:  
This study has contributed to the advancement of literature examining the benefits and 
uses of the anterior tilt seat function by power wheelchair users in their own environment. As 
with all other seat functions, practitioners should consider their client’s unique functional 
capabilities when deciding if anterior tilt would be beneficial to meeting their client’s needs. 
Given that the participants in this study frequently stated that their insurance providers often did 
not wish to pay for seat functions that they deemed “luxury” and not necessary, a strong case will 
need to be made for the functional benefits of anterior tilt. Further research is necessary in order 
to establish quantifiable effects on wheelchair users’ physical health as a result of long term use 
of the anterior tilt seat function. Additionally, wheelchair manufactures should be aware of these 
findings and incorporate them into future designs of anterior tilt in order to maximize the number 






5.2 Limitations of study: 
The present study was exploratory in nature and involved only 10 participants with a 
limited range of mobility impairments and occupations, with 5 of the 10 participants having 
cerebral palsy and 8 of the 10 participants being current university students. As such, our 
findings only represent general perceptions of the anterior tilt seat function which may not be 
representative of all power wheelchair users and therefore cannot be used to draw definitive 
conclusions. The inclusion of a larger number of participants with a greater variety of 
backgrounds would improve the generalizability of the results. 
 
Participants’ expectations of anterior tilt were reflective of those held by the researchers 
prior to beginning the study, though were not provided as potential benefits to the participants 
prior to asking for their expectations of anterior tilt. However, given the use of Permobil’s 
trademark name “active reach” to refer to the anterior tilt function throughout the study, this may 
have cued the participants as to what was expected to result from the use of anterior tilt. In future 
studies, it might be more beneficial to only refer to the seat function by its technical name so as 
not to prime participants. 
 
Additionally, since the study was funded by Permobil this may have biased the 
participants to speak more favorably about the study wheelchair and anterior tilt seat function 
then they might have otherwise. Efforts were made to combat this by encouraging the 
participants to provide their honest feedback about their experience using the study wheelchair in 
their own environment and reminding participants that all results would be reported 
anonymously. 
 
During this study, participants were only given two weeks to utilize the study wheelchair 
enabled with the anterior tilt function. As such, participants were not likely to see physical health 
improvements that anterior tilt may provide over time. Allowing participants a longer trial period 
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would improve the likelihood of participants reporting effects related to their health and well-
being.  
 
Perceptions of performance may have also been impacted by lack of familiarity with the 
study wheelchair itself in addition to the new seat function. An at-home trial period was included 
as a part of this study in order to give the participants the opportunity to familiarize themselves 
with the study wheelchair as well as the anterior tilt function. However, the participants may 
have been set in their ways of performing activities of daily living. Two weeks may not have 
been sufficient time to “unlearn” how they perform tasks regularly in order to make room for 
uses of anterior tilt in their day-to-day routines. 
 
This may be particularly true because the participants’ environments were set up in such 
a way as to accommodate their own wheelchair. Since the study wheelchair did not have the 
same exact dimensions as the participants’ own wheelchair, several participants reported issues 
which they did not usually face unrelated to anterior tilt use when interacting with their 
environment in the study wheelchair. This may have also influenced the participants’ 
perceptions. 
 
Additionally, several participants were concerned by the study wheelchair’s seating fit. 
Since the study was done using trial wheelchairs rather than custom wheelchairs, even with 
expert fitting, a high level of customization was not possible. As a result, some participants 
reported discomfort while using the wheelchair for long periods of time not directly associate 
with anterior tilt, though this may have influenced their overall perceptions of the seat function. 
In order to combat these limitations, future studies would benefit from investigating individuals 
who are receiving anterior tilt on their own wheelchairs when receiving a new device. By 
assessing individuals who are unfamiliar with anterior tilt, but have a new wheelchair customized 




Despite the several limitations of this study, given the lack of existing research into the 
usability and effectiveness of the anterior tilt seat function, this study serves as an important pilot 







This study examined the perceptions of power wheelchair users when using the anterior 
tilt seat function. Participants in this study felt that anterior tilt provided them with additional 
functionality by getting them higher up and closer to objects then they could get using their seat 
elevator alone. However, some participants felt that the chest strap and knee blocks were 
restrictive, thereby limiting the benefits of using anterior tilt. Despite this, benefits of using 
anterior tilt were discussed in a variety of environments, both inside and outside of the 
participants’ homes. Additionally, some participants felt anterior tilt provides users with a greater 
range of positioning options that may have potential benefits for pressure relief and overall 
comfort. Consideration is still needed to address the design concerns of the safety equipment 
necessary to utilize anterior tilt, which may limit users’ natural functionality. The findings of this 
study will inform future iterations of the anterior tilt seat function and its associated safety 
equipment design. These findings will also add to the existing literature on the anterior tilt seat 
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Examination of the Influence of Active Reach on Functional Mobility, Physical Well-being and 
User Satisfaction Among Power Wheelchair Users: A Pilot Study 
 
You are being asked to participate in a research study.  Researchers are required to provide a 
consent form such as this one to tell you about the research, to explain that taking part is 
voluntary, to describe the risks and benefits of participation, and to help you to make an 
informed decision.  You should feel free to ask the researchers any questions you may have. 
 
Principal Investigator Name and Title: Laura A. Rice, PhD, MPT, ATP 
Department and Institution: Kinesiology and Community Health 
Address and Contact Information: 219 Freer Hall, 906 S. Goodwin Ave., Urbana, IL 61801 
Sponsor: Permobil, AB 
 
Why am I being asked?     
 
You are being asked to be a participant in a research study to examine the potential benefits of an 
anterior tilt function (active reach) on a power wheelchair.  This technology has the potential to 
improve a wheelchair user’s ability to perform functional activities in their home and the 
community and enhance overall quality of life.  However, limited research has been performed 
on this technology to evaluate the influence of active reach on the functional abilities and well-
being of a wheelchair user. As a result, many insurance companies are reluctant to financially 
support the use of active reach for their beneficiaries. Despite the challenges imposed by 
insurance companies, power wheelchair users report a need for this technology to be able to 
perform functional activities such as dressing and bathing and being able to actively participate 
in their community.  This study may help to provide evidence on the benefits of active reach and 
increase the number of wheelchair users who are able to have access to this technology. 
 
SOCIAL BEHAVIORAL RESEARCH CONSENT FORM TEMPLATE 




You have been asked to participate in the research because you are over 18 years old, use a 
power wheelchair with seat elevation without active reach for at least 75% of your mobility, have 
used a power wheelchair for at least six months, it has been at least 1 year since the onset of the 
illness of injury that has required the use of a power wheelchair, you use the power wheelchair to 
perform activities of daily living and you are able to actively engage in the performance of 
activities of daily living, with or without assistance. 
 
Your participation in this research is voluntary.  Your decision whether or not to participate will 
not affect your current or future dealings with the University of Illinois at Urbana-Champaign.  If 
you decide to participate, you are free to withdraw at any time without affecting that 
relationship.  
 
Approximately 20 subjects may be involved in this research at the University of Illinois at 
Urbana-Champaign.  
 
What is the purpose of this research?  
   
The purpose of this study is to examine the benefits of anterior tilt (active reach) among power 
wheelchair users.   
 
What procedures are involved?  
   
This research will be performed at the University of Illinois at Urbana-Champaign. 
 
You will need to come to the study site 3 times over the next 3 weeks. If you are unable to travel 
to the research laboratory, we can make arrangements to perform the study in a location that is 
convenient for you. 
 
Each of those visits will take about 1.5-2 hours.  
 
The study procedures are as follows. 
 
Visit 1 
Upon arrival at the laboratory or location that is convenient for you for Visit #1, you will be 
educated on the purpose of the proposed study. The research team will then verify inclusion 
criteria. If all inclusion criteria are met and if you are in agreement, the you will be asked to sign 
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an informed consent document. After signing the informed consent, you will be asked to 
complete a survey inquiring about basic demographic information and the history of your 
disability. Next, you will be asked to complete the following paper based outcome assessments. 
 
• Wheelchair Outcome Measure (WhOM) – The WhOM evaluates activities deemed 
important by 
individual wheelchair users and examines the satisfaction with the performance of these 
activities in a 
wheelchair. The tool is specifically designed to examine changes in satisfaction over time and 
the 
 influenced of change in wheelchair design. 
• Functional Mobility Assessment (FMA) – The FMA examines satisfaction in performing 
mobility related activities of daily living in their wheelchair. The tool will provide valuable 
information on comfort, ability to reach and transfer, support of the individual’s health, 
functional mobility and use of public and private transportation. 
• Motor Activity Log – The motor activity log examines the performance of common activities 
of daily living and rates how well an individual is able to utilize upper limb function to perform 
such activities. 
• Wheelchair Users Shoulder Pain Index (WUSPI) - The WUSPI will be used to evaluate 
shoulder pain. 
• Fatigue Severity Scale(FSS) - The FSS captures a wheelchair users’ experience of physical 
and mental fatigue and evaluates how it interferes with their ability to perform meaningful 
activities such as participation in exercise, ability to work and engage in family life6 
• Spinal Cord Injury Secondary Conditions Scale (SCI-SCS) - The SCI-SCS evaluates 
various secondary conditions common among individuals with SCI and wheelchair users in 
general. This tool will help to examine the influence of various secondary conditions that active 
reach targets including spasticity, contractures, heterotopic bone ossification, bladder 
dysfunction, bowel dysfunction, respiratory problems and joint/muscle pain. 
 
After completion of the paper based outcome assessments, you will be asked to perform the 
following physical outcome assessments: 
 
• Modified Functional Reach – Our research team will measure the maximum distance you are 
able to reach in the horizontal and vertical direction.  While sitting in you power wheelchair, you 
will be asked to reach as far forward in the horizontal direction as you are able.  A yard stick will 
be used to measure how far you are able to reach.  A research assistant will stand close to you 
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while you are performing the reaching task to assure you do not fall. You will be asked to 
perform this reaching task 3 times.  You will then be asked to perform this reaching task 3 times 
and an average reach distance will be calculated.  You will be asked to repeat this same task 
again but asked to reach as high above your head as possible. 
 
• Performance of Self-Care Skills –Your ability to  perform of activities of daily living will be 
evaluated. Your level of independence, task safety and adequacy will be assessed. You will be 
asked to perform the following simulated self-care activities: 
 Brushing Teeth (Note: You will use your own toothbrush or new toothbrush will be 
provided and discarded after each use.) 
 Taking own shoes on/off 
 Putting on/taking off a pair of pants and a shirt. (Note: You will be asked to put the 
pants and shirt over your current clothing and will NOT be asked to disrobe during the 
assessment.  As much as possible, you will use your own clothing during the 
assessment.  If you do not have an extra pair of pants and shirt to be used, the research 
team will provide pants and a shirt that will be washed immediately after completion of 
the study assessment. 
 Medication Management:  You will be asked to open a standard childproof pill bottle 
and remove a bean from the bottle.  No actual medication will be used a part of the 
assessment. 
 Meal preparation and clean up:  You will be asked to take pieces of fake fruit and fake 
components of a sandwich from a simulated refrigerator and move the food to a counter 
top.  You will then be asked to use a blunt wooden knife to separate the sections of the 
fruit and construct a sandwich using the components.  Finally, you will be asked to put 
these items on a plastic plate.  (Note: You will not come in contact with real food or 
utilize sharp utensils.) 
 Grocery shopping:  You will be asked to reach for fake food items from a simulated 
grocery shelf at different heights. 
 
• Transfer Quality Assessment- Your ability to transfer from a wheelchair to a mat table or a 
bed will be evaluated utilizing the Transfer Assessment Instrument (TAI). The TAI evaluates the 
quality of a transfer. You will be asked to perform up to 4 transfers to/from your wheeled 
mobility device to a mat table or bed. You will be instructed to perform the transfer in your 
typical manner and may utilize assistive devices (such as a transfer board or mechanical lift) or 
human assistance, as needed. If a you need assistance to perform a transfer, please bring your 
primary caregiver to attend the assessment session to allow the research staff to observe the your 
typical transfer performance. A trained  research assistant will be available to assure safety 
during the transfer activities. 
 
• Seated postural control – Your balance in a seated position will be evaluated using the 
functional instrumented seating test (FIST). You will be asked to perform such tasks including 
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sitting still and moving and reaching for items. A trained  research assistant will be available to 
assure safety during the transfer activities. 
 
• Spasticity Assessment – The amount of spasticity in your legs will be evaluated.  While sitting 
in your wheelchair, a researcher will move the your right upper leg first slowly through the entire 
range of motion and then move the leg through the entire range at a faster speed.  This process 
will be repeated on the left leg and then on both sides of the lower leg.   
 
• Spirometry –Your breathing ability will be evaluated using a portable spirometer. You will 
first be asked to take a deep breath and blow out all of your air out into the machine.  A single 
use disposable mouthpiece will be used.  Next, you will be asked to take three normal breaths 
and then breath quickly for 12 seconds.  
 
• Measurement of speech production –The strength of your speaking ability will be examined 
by measuring how long you can say an ‘ah’ sound.  In your wheelchair, you will be asked to say 
the sound ‘ah’ for as long as possible.  A stopwatch will be used to measure how long you are 
able to sustain the vowel sound. The trial will be repeated 3 times and the results averaged. 
 
Finally, the research team will perform a short interview to discuss the use of your current seat 
elevator, what activities you use the seat elevator to perform and how it has influenced your daily 
life. 
 
After completion of the outcome assessments, you will be measured for your study power 
wheelchair. 
 
This study visit will require approximately 1.5-2 hours of the your time. 
 
Visit 2 (1-3 days later): 
You will be asked to return to the laboratory or mobile testing unit 1-3 days after completion of 
Visit 1. 
 
At this time, you will be provided with a study power wheelchair with Active Reach that has 
been modified to meet your specific needs. Dr. Laura Rice is a Physical Therapist and certified 
Assistive Technology Professional and will oversee the fitting of the power wheelchair. Your 
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own cushion will be moved to the study power wheelchair and used for the duration of the study 
period. 
 
The study chair will also contain a measurement tool (the Virtual Seating Coach) that will track 
how frequently the you use the seat functions (tilt in space, power recline, power elevating leg 
rests, seat elevator and active reach).  Data on frequency of seat function use will collected and 
transferred wirelessly to a server maintained by the study sponsor, Permobil.  Only your study ID 
will be used to identify the data and no identifiable information about you will be connected with 
the data on frequency of seat function use.  The data will be sent using your smart phone using a 
WiFi connection. If you would prefer not to use your own phone or you do not have a smart, a 
loaner phone will be provided to you during the study period.  
 
Next, you will be instructed on how to use the power wheelchair.  Our research team will 
provide initial instructions and then give you an opportunity to ask questions about the 
functionality of the power wheelchair.   
 
After being fitted in the study power wheelchair and instructed on use, you will also be asked to 
complete the physical outcome assessments, as described during Visit 1.  
 
After completion of the physical assessment, research team members will provide you with 
additional feedback on how to use the active reach function most efficiently and ask you to 
provide your initial impressions of active reach.   
 
This study visit will require approximately 1.5 hours of your time. 
 
After completion of Visit 2, you will be asked to use the study power wheelchair in your 
community for 14 days. You will be asked to use the study power wheelchair as much as 
possible but if you do not feel comfortable with the study chair you may switch back to your own 
chair.  Please call the research team immediately (217-333-4650) and we will work with you to 
resolve any problems. 
 
You will be called 24 hours after you are given the study power wheelchair to see if the chair is 
supporting your needs and to be reminded to use the active reach function. You will be called 
again after 7 days to follow up on use of the study power wheelchair. If you are not using the 




Visit 3: (14 days after provision of the study power wheelchair) 
 
You will be asked to return to the research laboratory or mobile testing unit to be re-evaluated 
approximately 14 days after Visit #2. An interview will be conducted to examine where/how 
active reach was most and least beneficial and if active reach enhanced your functionality.  
 
After completion of the interview, you will be asked to complete the paper based outcome 
assessments and physical outcome assessments, as described in Visit #1. After completion of the 
outcome assessments you will be assisted, if necessary, back into your own power wheelchair. If 




What are the potential risks and discomforts? 
 
There is the potential risk that you may fall while performing the study related activities and 
using the study wheelchair in the community.  However, these are common activities you 
typically perform. Therefore, your risk of falling is no greater then performing your typical 
daily activities.  To the best of our knowledge, the things you will be doing have no more risk 
of harm than you would experience in everyday life. 
 
There is also the potential loss of privacy (revealing to others that you are taking part in this 
study) or confidentiality (revealing information about you to others to whom you have not given 
permission to see this information). 
 
Are there benefits to taking part in the research?   
 
This study is not designed to benefit you directly.  The results of this research study however 
may help to provide evidence on the benefits of power seat functions and improve insurance 
coverage for items that are typically not covered by insurance companies.  This would help 
wheelchairs users who benefit from this technology to get the equipment they need.  Results of 
this study may also help to improve the design of power seat functions and inform the 




Taking part in this research study may not benefit you personally, but we [researchers] may learn 
new things that will help others.  
 
What other options are there? 
 
You have the option to not participate or withdraw from this study at any time.  
 
Will my study-related information be kept confidential? 
 
We will use all reasonable efforts to keep your personal information confidential, but we cannot 
guarantee absolute confidentiality. When this research is discussed or published, no one will 
know that you were in the study. But, when required by law or university policy, identifying 
information (including your signed consent form) may be seen or copied by:  
 The Institutional Review Board that approves research studies;  
 The Office for Protection of Research Subjects and other university departments that 
oversee human subjects research; 
 University and state auditors responsible for oversight of research; and   
 
What are the costs for participating in this research?    
 
There are no costs to you for participating in this research.  
 
Will I be reimbursed for any of my expenses or paid for my participation in this research? 
 
You will receive a $50.00 Amazon gift card for each completed study visit.  If you do not finish 
the study, you will be compensated for the visits you have completed.  If you complete the study, 
you will receive a total of $ 150.00 You will receive your payment immediately after completing 
the study session. 
 




If you decide to participate, you are free to withdraw your consent and discontinue participation at 
any time. 
 
The Researchers also have the right to stop your participation in this study without your consent 
if: 
 They believe it is in your best interests; 
 You were to object to any future changes that may be made in the study plan; 
 The sponsor of the research has decided to stop the research 
 If you experience a severe side effect 
 If you do not follow the study procedures  
 
In the event you withdraw or are asked to leave the study, you will still be compensated as 
described above. 
 
Who should I contact if I have questions?  
 
Contact the researchers, Dr. Laura Rice at 217-333-4650 or email address: ricela@illinois.edu 
 if you have any questions about this study or your part in it,   
 if you have questions, concerns or complaints about the research. 
 
 
What are my rights as a research subject? 
  
If you feel you have not been treated according to the descriptions in this form, or if you have 
any questions about your rights as a research subject, including questions, concerns, complaints, 
or to offer input, you may call the Office for the Protection of Research Subjects (OPRS) at 217-
333-2670 or e-mail OPRS at irb@illinois.edu 
 
Remember:      
 
Your participation in this research is voluntary.  Your decision whether or not to participate will 
not affect your current or future relations with the University.  If you decide to participate, you 




I have read (or someone has read to me) the above information.  I have been given an 
opportunity to ask questions and my questions have been answered to my satisfaction.  I agree to 
participate in this research.  I will be given a copy of this signed and dated form. 
 
           
Signature       Date 
 
      
Printed Name 
 
           
Signature of Person Obtaining Consent   Date (must be same as subject’s) 
 
 
      







Participant Demographics Survey 
 
Please compete the following information about yourself.  
 
1. Gender (circle one):           Male         Female 
2. Marital Status (circle one)               





3. Date of Birth:      ______________________ 
4. Race (circle one):              
a. American Indian 
b. Asian/  
c. African American  
d. Caucasian  
e. Native Hawaiian or Pacific Islander  
f. Other (please be specific):____________________________ 
 
5. Occupation __________________________ 
6. Hours worked per week: _______________hours  
7. Hours going to school per week: ________________ hours 
8. Height: __________ inches 
9. Weight: __________ pounds  
10. What type of disability do you have?   ____________________________ 




12. What year did you start to use any type of wheeled mobility device? (power wheelchair, 
manual wheelchair, etc.) _________________ 
13. What year did you start to use a power wheelchair?  ___________________ 
14. What type of power seat functions do you have on your power wheelchair (please circle 
all that apply) 
a. Tilt in space 
b. Power Recline 
c. Power Seat Elevator 
d. Power Elevating Leg Rests 
e. Other: ________________________ 
 
15. What other assistive device do you use (please circle all that apply)?  












17. What is the make and model of your current power wheelchair? 
________________________________________________________________________ 
 




19. Are there any activities of daily living which you are unable to do without assistance in 





20. How many hours per week does someone assist you in the performance of activities of 
daily living? (Caregiver support) ________________________ hours 
 
